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FIG. 4 
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FIG. 6 
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FIG. 9 
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Referring now to FIG. 18, the printing operation of 
CURRENT-SUPPLYING INTEGRATED CIRCUIT the 1th line is as follows. The data signal for the 1th line 

is first converted into three blocks of corrected data 
This is a continuation of application Ser. No. signals li, hand 1 3. The first block of corrected data li is 
07/430,174, filed Nov. I, 1989, for CURRENT-SUP- 5 stored in shift register 8 in response to a clock signal and 
PLYING INTEGRATED CIRCUIT, now aban- is supplied from shift register 8 to the latch array 9 in 
doned. response to the latch signal L\. Since the first corrected 

data signal \\ has the logically high bit corresponding to 
BACKGROUND OF THE INVENTION the left-side LED, the left-side latch is maintained logi- 

This invention is directed to a current-supplying inte- 10 cally high. In synchronization with the delivery of the 
grated circuit having multi-output which can be used in latch signal Li, microprocessor 5 delivers an enable 
a printing device such as an I Fn printer or a thermal signal having a pulse width of 4t to an output control 
printer and, in particular, to a current-supplying inte- circuit 10. Output control circuitry 10, which comprises 
grated circuit which has a plurality of outputs for gener- an array of AND gates, and voltage-level shift circuits 
ating currents of varied strength to adjust the light " are denoted simply as "AND" m Flfr 17) 

strength for or the print density by each bit of the print- <^rvers a control ON signal to the left-side FET of 
ing elements. transistor array 6 while the enable signal is being sup- 

A conventional LED printer has an array of LEDs P^? 1 J from nricroprccessor 5. The left-side FET is 
corresponding to a line to be printed, and the duration to 0Mtote b V contro1 ON *f»* dunn « 

of each] LED's emission is controlled so that desired 20 « « £™» Z^VTJ^J*?* ^ 
print density can be obtained. A typical LED driving ««* V f to ^f^^^^ffl^ 
■« % Za~a ;« t ttti «^«t^ ;«ninetr.t~i in Tnn *s driven to emit hght dunng the period of 4t. In turn, by 

«g* and the hlce, an mfcgnucri arcmt* for drrvmg an ^ ^ ^ ^ tQ ^ next ^ ^ u 

LED prmt head, and a ROM 4 for storing correction The second blockof corrected data 1 2 includes a logi- 

^ ^ ^8?™*^^ a cally high bit corresponding to the left-side LED, and 

sor 5 which, based on the data signals generated by ^ ^ ^^circuit is shifted to be logically 

mam frame 1, controls integrated cucuit 3 and ROM 4. 3Q u h and tes a logically Wgh ^ l 2 . The logi- 

Integrated circuit 3, which drives the LED print head, ^ ^ signal L* as well as an enable signal having 

includes an output-transistor array 6 consisting of a a pulse of 2t? ^ dc u V ered to output control 

plurality of ficld-effect transistors, each of which is circuit 10 w hi c h drives the left-side LED through the 

connected to one LED of an LED-array integrated left-side FET to thereby light the LED for the 2t period 

circuit 7. Integrated circuit 3 functions to control the 35 of timt Likewise, the third block of corrected data b 

period of emission of the individual LEDs so that vana- ^ been m ^ register g during the delivery of 

tion in the quantity of emission among the LEDs can be ^ e^fe ggnai Q f 2t width pulse. The third corrected 

corrected. data is latched by the latch circuit in response to the 

Microprocessor 5 in the LED driving circuit gener- i^ch signal L 3 . At this time, the left-side latch circuit is 

ates and delivers a control signal to ROM 4 on receiving 40 ^ maintained logically high. The latch signal L3 and 

the data signal for a line of print from main frame 1, so ^ enable signal having a pulse of It width are supplied 

as to obtain correction code date from ROM 4. Micro- to control circuit 10, so that the left-side FET is turned 

processor 5 then corrects the individual bits of the line QN, which, in turn, makes the left-side LED emit for a 

of printing data in accordance with the correction code i t period. * * ~ * ~ 

data to thereby produce a line of corrected printing 45 As mentioned above, the enable signal includes the 

data. The corrected data is supplied to the flip-flop pulses 4t, 2t and It, each pulse being delivered to output 

constituting the least significant bit of a shift register 8. control circuit 10 in response to one of the latch signals. 

The data correcting operation is carried out such that j n control circuit 10, the data signal is converted into 

the bits of the line of printing data are sequentially con- three corrected data signals in a row in accordance with 

verted into corrected data consisting of three latch 50 the blocks of corrected data \\, h and h- 

cycles, each latch cycle being adjusted in the duty ratio In the above, as the left-side LED has the weakest 
of the driving signal for the LED. 

emissi on strength and the correction data stored for it in 
If, for example, the LED at the left side in LED array ROM 4 is the maximum value (= 7). the LED is con- 
integrated circuit 7 has the lowest emission strength trolled to emit intermittently for the entire 7t period of 
among the LEDs in FIG. 17, the emission strength 55 time. Likewise, in response to the stored values in ROM 
correcting operation is carried out as follows. A correc- 4, the LEDs are controlled in their emitting periods 
tion code representing a value of 7 is stored beforehand from It to 7t incrementally, so that the emission 
in the ROM at an address corresponding to the left-side strength of the respective LEDs are adjusted and, 
LED. Main frame 1 provides microprocessor 5 with a therefore, the printing densities produced by the LEDs 
line of printing data including one bit for driving the 60 of different emission strength are adjusted to the desired 
left-side LED. Upon receiving this bit, microprocessor level. 

5 generates and supplies a control signal to ROM 4 to As mentioned above, the integrated circuit for driv- 
obtain therefrom the line of printing data, including the ing the LED printer head controls the emitting period 
correction code valued 7, for the left-side LED. In of each LED to adjust the total emission quantity of 
response to the line of printing data, microprocessor 5 65 each LED to a desired quantity in order to avoid print- 
produces a series of three-bit signals as corrected data ing unevenness due to variation in emission strength 
signals and delivers them to shift register 8 in response among the LEDs or du e to v ariation in current-carry- 
to a latch signal. ing capacity among the FETs forming the output tran- 
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sistor array. In other words, the FETs ON-time periods through individual control lines, the number of the 
are controlled by seven degrees through the respective control lines for each switching means becomes as 
tlu;ee-latch cycjes., However, this means that the adjust- . much as N, and . results in a lack- of : space .tn r yiew..pf. 
ment operation needs the printing period of three latch circuit configuration and of semiconductor layout, 
cycles for each line printing operation. The LED 5 Each of the unit-switching dements, which has the 
printer with this adjustment control can be increased in current capacity as a quantitized unit of current output, 
its printing speed by reducing the pulse width, but this can be made of a single field-effect transistor or of a 
adjustment is limited. In particular, an LED printer parallel connection of two or more field-effect transis- 
which has a large number of positions for a line of print- tors Each unit-switching element is normally made of a 
ing cannot easily achieve a desired high speed printing 10 singj c fidd-effect transistor. However, in view of semi- 
operation. In addition, it is necessary to produce a series conductor layout, it is probable that the quantitized unit 
of three blocks of corrected data in accordance with the of current output (corresponding to resolution) is not 
enable signals for each line prating operation, which obtained through a single field-effect transistor. In this 
necessitates a complicated program or control of micro- case, each of the switching elements may be made of 
pr ° CeSS *"L 5 " , , • • j * * 15 two or more field-effect transistors to increase the total 

Accordingly a current supplying mtegrated circuit ofcurrent thereof to be the quantitized 

which is capable of adjusting variation n, output ofammX outpuT 

vS* ^^£lS£ tSK ?o^£Tt£ addition, output pads corresponding one by one to 

^tdST mtCnS,ty SUPPhed " "* ° f "* M switching means are normally arranged ma row, 

and so each switching means should be arranged be- 
SUMMARY OF THE INVENTION tween the adjacent output pads. In this case, it is prefer- 

Generally speaking, in accordance with the instant M * N unhitching elements are formed in a 
invention, a multi-output current supplying integrated semiconductor substrate such that they are of the same 
circuit is provided such as an integrated circuit' for 2 5 . S12C ' m . a line at the same 

driving an LED print head. The circuit has a plurality intervals to form a unit-switching element array, 
of switching means for controlling the current supply Where the unit-switching elements have the same 
from the power supply to respective elements to be current capacity, output-current intensity will increase 
driven such as LEDs, wherein the switching means are in proportion to the number of the unit-switching ele- 
provided with the dements to be driven, respectively. 30 ments to be driven. For instance, the current intensity 
Each of the switching means includes a current synthe- doubles if four unit-switching elements are energized by 
sizing circuit which includes N unit-switching elements the 4th bit of an n digital signal in comparison with that 
having substantially the same current capacity and obtained by two unit-switching elements being ener- 
which are connected in parallel with each other. Ac- gized by the 2nd bit of the digital signal. However, a 
cording to the invention, N unit-switching elements are 35 plurality of the unit-switching elements cannot easily be 
selectively energized to produce a current having N made on a semiconductor substrate such that the ele- 
degrees of intensity, whereby the amount of current menu have equal current capacity, owing to manufac- 
supply to the elements to be driven such as LEDs can turing inaccuracy, even if the elements are formed in 
be varied by N degrees (N+l degrees if the current the same shape and size. In the process of photolithog- 
supply of zero is counted). Therefore, each of the ele- ^ raphy such as for forming gate electrodes of field-effect 
ments to be driven is supplied with current of adjusted transistors, the resulting gate electrodes are inevitably 
intensity so that the output capacity of each element to different in their shapes, although the differences are 
be driven can be adjusted to a desired value. Thus, in . small due to manufacturing inaccuracy, which . causes 
accordance with the invention, variation in output ca- variation in current capacity among the field-effect 
parity among the elements to be driven, which are 45 transistors or unit-switching elements. Consideration 
caused by variations in capacity among the elements to must be made to this variation in current capacity 
be driven or in current capacity among the switching among the switching elements, otherwise the output 
means, can be avoided or at least reduced. current intensity of each switching means cannot be 

In another aspect of the invention, the above N unit- expected to increase in proportion to the number of the 
switching elements, included in each of the switching 50 unit-switching elements to be energized, 
means, are divided into n groups, and each group of the Where a plurality of unit-switching elements such as 
unit-switching elements is controlled by each bit of an field-effect transistors are arranged in an array on a 
n-bit digital control signal. The i-tb group of the unit- semiconductor substrate, the variation in the current 
switching elements includes 2'- 1 of the unit-switching capacity among the unft-s witching elements shows 
elements, and, as a common control input to these unit- 55 m0 notonic characteristics along the array direction. A 
switching elements, the i-th bit of the control signal is typical example is that the current capacity increases 
provided therewith. H N*' and **n" are positive integers monotonicaUy in the direction from the unit-switching 
and satisfy the following equation: element positioned at one end of the array of unit- 

switching elements to that positioned at the other end 
>s n ^ _ _ 60 thereof. In this case, the unit-switching element posi- 

' " n ' 1=1 ~ ~ tioned at the middle of the array has approximately an 

average current capacity, while those positioned at the 
According to the arrangement of the unit-switching left side of the array have lower current capacity and 
elements, the number of the control lines for the unit- those at the opposite side have higher current capacity, 
switching elements can be reduced to be n which is 65 If N unit-switching elements are divided into n groups, 
much smaller than N. Thus, the control lines can be such that the unit-switching elements belonging to the 
deposited easily on an integrated circuit. In contrast, if first to the last n-th groups are positioned in this order 
N unit-switching elements are controlled independently from one end of the array to the other, an average cur- 
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rent capacity of the unit-switching dements belonging ing elements may be arranged such that the field-effect 

to each group will differ among the groups Thus, there transistors forming one switching dement belonging to 

is a possibility that the output current intensity- will drop, . one switching means are positioned between other JieLd- .vi» <t*w7?- « >, « .• w . * 

when energization of switching elements is shifted from effect transistors belonging to other switching means. 

one group to the adjacent group. 5 On the other hand, in the case that the current capac- 

In order to avoid this defect, according to one aspect ity of each of the unit-switching elements arranged in an 
of the invention, there is provided a multi-output cur- array shows uneven characteristics along a curve hav- 
rent supplying integrated circuit having an array of a ing a turning point in the array direction, yet not a 
plurality of switching elements which constitutes the monotonically increasing curve or a monotonically 
switching mwns wherein the switching elements are 10 decreasing curve as described above, the unit-switching 
appropriately divided into n groups, each group form- elements are preferably arranged as follows wherein 
ing each switching means, so that the variation in the each of the unit-switching elements is constituted by 
current capacity existing among the switching dements two or more switching transistors. The two or more 
because of manufacturing inaccuracy can be avoided or switching transistors belonging to the first group are 
minimized. In a preferred embodiment, the first of n 15 arranged to have their center of gravity positioned in 
groups includes a single switching element which is the center of the array. The switching transistors be- 
situated at the middle of the array. The switching ele- longing to the respective groups are arranged so that 
ments which are disposed one by one in the direction the groups have at least two switching transistors, re* 
from the middle switching dement to both ends of the spectivdy, the centers of gravity of which appear in the 
array are divided into one of n groups in the following 20 direction from said center of gravity of the first group 
order which is symmetrical to the middle switching to both ends of the array in the following order, the 
element: order being expressed by the group numbers 1 to n to 

when n=2, then n— »>n; which the switching transistors bdong: 

when n=3, then n— <n- 1)-* n-*l-Hi— {n- 1)— n; when n=2, then n-*l— n; 

when n=4, then 25 when n=3, then n-Kn- l)^n-^l-*n—Kn-- l}-*n; 

n-^n - 2)-»n— <n - 1 >— n-» 1 -*n— <n - 1 ) >n- K n- when n=4, then 

-2>-*n; n— *<n — 2)-*n— Kn — l)-»o— -1 »o »(n — 1 ) >n i( n- 

when n«5, then — 2)-*n; 

n-*<n - 3)-*n— <n - 2)— n-+(n — 1 )— n— l-*n—{n- when n=5, then 

1 )_ n -Kn — 2>— n— <n — 3)— mi; and 30 n— <n - 3)-*n-><n - 2)-k>-— (n — 1 )-*n— 1—n—Kn- 

when n = 6 or greater, then — 1 >-*n-Kn — 2}— -n— *{n — 3)— *n; and 

j^ n -l)-^n-^n-2)-^n-Kn~)-*...n--*2--*-n-^. when n=6 or greater, then 
. . — n-*(n - 2 ) >n > (n - \y~*n. n— {n - 1 )-*n— <n - 2>— n— {n -}-►.. . n-*2— n-* . 

According to the arrangement, the middle switching . . — »n— *(n— 2) » " >(n— \)-*n. 

dement belonging to the first group shows an average 35 According to this arrangement, as the switching tran- 
current capacity, and the average current capacity per sistors in one switching dement are distributed in the 
one switching dement bdongjng to the other groups array direction, the variation in current capacity among 
also shows substantially the same value as that of the the switching dements can be suppressed. By compari- 
middle switching element of the first group. This as- son, in the case where the switching transistors belong- 
sures that a digital value of the n-bit digital control 40 ing to the same switching dements are disposed adja- 
signal corresponds linearly to the output current inten- cent to one another, the variation in current capacity 
shy which is generated by one of n groups energized among the switching dements cannot be suppressed. In 

- when the n-bit digital signal is set to the above digital particular, the variation can -effectively be suppressed - - — 

value even when variation in the current capacity exists where the variation in current capacity among the 
among the switching dements arranged in the array. In 45 switching transistors in the array direction exhibits a 
addition, even if the switching elements have a current characteristic curve having a turning point around the 
capacity which varies monotonically along the array, center of the array. Thus, the linearity of current output 
the output current intensity is at least expected to in- in response to digital input can be greatly improved, 
crease monotonically. The arrangement of the switch- In a preferred embodiment, the switching means- is 
ing dements according to the invention allows for a 50 provided with one or more offset field-effect transistors 
current synthesizing circuit or digital-to-analog con- which have a rclativdy high current capacity compared 
verter (DAC) without an undesirable drop of current to the switching transistors comprising the switching 
intensity due to the variation in the current capacity dements and which are common to all of the switching 
among the switching elements arranged in an array dements. With this configuration, output current inten- 
structure. 55 aty from each of the switching means can be modified 

In the above array of unit-switching dements, each by N steps of smaller changes without increasing the 
unit-switching dement can include one or more switch- number of switching means. 

ing transistors, such as fidd-effect transistors. Where In another aspect of the invention, there is provided 
each of the switching dements includes two or more an electronic device having the above-mentioned cur- 
switching transistors, those transistors in one switching 60 rent supplying circuit. In addition, the present invention 
element can be positioned adjacent to each other or can also apply to a plasma display device wherein a 
positioned such that other switching transistors forming DAC is used for tonal displaying, 
other switching dements belonging to other switching Accordingly, it is an object of the present invention 
means are interposed between them. More specifically, to provide an improved current-supplying integrated 
when each of the unit-switching elements includes two 65 circuit having multi-output for controlling electronical- 
or more fidd-effect transistors positioned symmetri- ly-driven dements. 

cally in the array and connected in paralld with each It is another object of the invention to provide a 
other to form a parallel rircuit, the array of unit-switch- novel current supplying integrated circuit which is 



02/11/2004, EAST Version: 1.4.1 



5,309,151 

7 8 

capable of adjusting variation in output strength among rent with respect to digital input signal in the digital-to- 

a plurality of dements to be driven by means of varying analog converter (DAC) according to a preferred em- 

itiie CTin^m mtensity supplied »lo each of the e of the- invention; j. t*«,w*;'»^ : ffUJ^:^v>^^ 

be driven. FIG. 12 illustrates another embodiment of the DAC 

Another object of the present invention is to provide 5 according to the invention; 
the above current supplying integrated circuit which FIG. 13 illustrates linear characteristics of variation 
comprises a plurality of switching elements correspond- in current capacity of the switching transistors, together 
ing to and driving respectively, the elements to be with linear characteristics of output current with re- 
driven and wherein the switching elements can be con- sped to digital input signal in the DAC of FIG. 12; 
trolled through the least number of controlling lines 10 FIG. 14 illustrates still another embodiment of the 
connected to them. DAC according to the invention; 

Yet another object of the present invention is to pro- FIG. 15 is a schematic view showing a pattern of the 

vide the current supplying integrated circuit with the transistor-array of FIG. 14; 

above switching elements arranged in a row, wherein FIG. 16 illustrates characteristics of variation in cur- 

the current capacity among the switching elements can 15 rent capacity of the switching transistors whose curve 

be equalized exhibits a turning point at a position around the center 

Still another object of the present invention is to of the transistor-array, together with monotonic cbarac- 

pro vide an electronic device such as an LED printer, a tens tics of output current with respect to digital input 

plasma displaying device or the like, which is provided signal in the DAC of FIG. 14; 

with the above current supplying circuits for the ele- 20 FIG. 17 is a block diagram of a conventional drive 

ments to be driven. circuit for an LED printer, and 

Still other objects and advantages of the invention FIG. 18 is a signal time chart showing the operation 

will in part be obvious and win in part be apparent from of the drive circuit of FIG. 17. 

*™T^^v!!; ^indu an ftrt ; r io nf 7< DETAILED DESCRIPTION OF THE 

The mvennon accordm^y comprises an article of 25 PREFERRED EMBODIMENTS 

manufacture possessing the features, properties, and the rr^r^n^MM 

relation of elements which will be exemplified in the Reference is made to FIG. 1 which illustrates a drive 

article hereinafter described, and the scope of the inven- circuit for an LED printer in accordance with the in- 

tion will be indicated in the claims. vention. The drive circuit comprises a main frame 1 

™> a „„v,or 30 formed by a computer or other input device which 

BRIEF DESCRIPTION OF THE DRAWINGS mpfln ^ ^ to P a ^processor 

For a fuller understanding of the invention, reference 11. Microprocessor 11 supplies control signals to a 

is had to the following description taken in connection ROM (read only memory) 12 and receives from the 

with the accompanying drawings, in which: ROM correction-code data. The correction-code data is 

FIG. 1 is a schematic block diagram of a drive circuit 33 stored in ROM 12 beforehand and is used for correcting 

for an LED printer, in which a multi-outlet current the light-emission of LEDs fonning a print head as 

supplying integrated circuit according to the invention described hereinafter. Microprocessor 11 also delivers 

is provided; data signals,, latch signals, correction data signals, en- 

FIG. 2 is a detailed block diagram of the drive circuit able signals and similar signals to an integrated circuit 

for the LED printer of FIG. 1; 40 13 for driving an LED print h ead. 

FIG. 3 illustrates, in detail, the control and level- Integrated circuit 13 includes a data shift register 14 

shifting circuit of FIG. 1; which receives data signals for a line of printing via 

FIG. 4 illustrates in detail; the current-synthesizing microprocessor 11 in response to a first clock signal 

circuit of FIG. 1; from microprocessor 11, an array of latch circuits 15 for 

FIG. 5 is a time chart showing the operation per- 45 receiving the contents of the flip-flops (F/Fs) in data 

formed by the drive circuit in FIG. 1; shift register 14 and storing them temporarily in re- 

FIG. 6 is a schematic plan view illustrating a chip- sponse to the latch signal, and a correction-data shift 

layout of the drive circuit for the LED printer of FIG. register 16 for serial-parallel converting the correction 

1; data signals m response to a second clock signal to pro- 

FIG. 7 is a plan view showing the semiconductor 50 duce 4-bit digital signals. Integrated circuit 13 also in- 

structure of the current synthesizing circuit of FIG. 1; eludes an output-transistor control circuit 17 for gener- 

FIGS. 9a to Sd are sectional views taken along lines ating gate signals in accordance with the 4-bit digital 

8g — 8a> &b — 86, 8c — 8c and Sd—Sd in FIG. 7, respec- signals and the enable signals, and an output-transistor 

tively; portion 18 having a plurality of switching circuits 18-1 

FIG: 9 illustrates a characteristic line showing the 55 to 18-m, these switching circuits being controlled by the 

variation in current capacity of the switching transistors gate signals. 

arranged in an array on a semiconductor substrate, An LED-array integrated circuit 19 comprises a plu- 

together with characteristics of output current shown rality of LEDs 19-1 to 19-m, each connected to the 

by the broken line with respect to digital input signal; corresponding switching circuits 18-1 to 18-m of out- 

FIG. 10 illustrates linear characteristics of variation 60 put-transistor portion 18, so that LEDs are supplied 

in current capacity of the switching transistors, together with electric current from a power source V c to emit 

with linear characteristics of output current with re- only when the corresponding switching circuits are in a 

spect to digital input signal in the digital-to-analog con- turned on-state. A photosensitive drum 20 is disposed in 

verter according to a preferred embodiment of the in- front of the array of LEDs 19-1 to 19-m. A power 

vention; 65 source 2 for the device is also provided. 

FIG. 11 illustrates monotonic characteristics of varia- FIG. 2 illustrates drive circuit 13 for the LED print 

tion in current capacity of the switching transistors, head. Data shift register 14 includes D-type flip-flops 

together with monotonic characteristics of output cur- 14-1 to 14-m. Each time the first clock pulse is supplied 
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to the first clock terminal 14<7, and therefore to the Control and level -shifting circuit 17-1 includes five 

C-input of each flip-flop, binary serial data on the data level shifting circuits 22-1 of the same structure for 

,terniirudJ4fcofeach : fli^ gate^control ,yqltage OSj,and.g^te^ 

flop of the higher stage. With the shifting operation, the control voltages Si* Su, Sn and Sn for the DAC Each 

serial data for a line of printing are converted into paral- 5 of the level shifting circuits includes an inverter 22- la 

lei data. The array of latch circuits 15 includes latch for inverting the output signal from the associated in- 

circuits 15-1 to 15-m of D-flip-flops which store tempo- verter 21-1? or the associated one of NAND gates 21- 

rarily the contents of corresponding bits of shift register Id, a. transmission gate 1m for receiving the inverted 

14 in response to the latch synchronization signal being output signal and the output signal from the inverter 

input to the latch terminals 15a of latch circuits 15-1 to 10 22- In as control inputs and for delivering an ext ernal 

15-m. gate bias voltage Vgg. and a P-cbannel MOSr-ET 22-le 

Correction-data shift register 16 includes 4m of D for setting the output of the transmission gate T^f when 

flip-flops, each flip-flop having correction-data input D in the state of being off to be the same voltage as the 

which receives correction data in the form of binary- external source voltage V c . 

4m-bit serial data and shifts the input correction data 15 Print mode decision circuit 21-lc generates the print 
into the next upper flip-flop in response to the second mode signal which is converted into the offset control 
clock signal supplied to its second clock terminal 16a. signal OS\ whose voltage varies between the external 
The correction data is initially applied to correction- gate bias voltage Vcc and the external source voltage 
data terminal 166 and shifted through the four D flip- The outputs of NAND gates 21-ld are also con- 
flops of partial shift register 16-1, and then to the first 20 verted into the DAC control signals Si* S13, S12 and 
flip-flop of partial shift register 16-2. More specifically, Sn each having a voltage between the above range, 
correction-data shift register 16 includes m partial shift respectively. 

registers, each including four D flip-flops and general- FIG. 4 illustrates the current synthesizing circuits or 
ing 4-bit parallel signals (such as B14, Bn, B12 and Bi \) the switching circuits 18-1 of output-transistor portion 
for correcting the emission intensity of the correspond- 25 18 shown in FIG. 2. Each of current synthesizing cir- 
ing LED. Output-transistor control circuit 17 also in- cuits 18-1 to 18-m includes a digrtal-to-analog converter 
eludes m unit -circuit portions, each unit-circuit portion and a field-effect transistor for offsetting. Current syn- 
including control and level-shifting circuits. Each of the thesizing circuit 18-1 shown in FIG. 4 includes a cur- 
control and level-shifting circuits receives data (such as rent-output-type digital-to-analog converter 18- la m 
D,i) output from the corresponding latch circuit of the 30 the form of a parallel connection of fifteen p-channel 
latch-circuit array 15 and, at the same time, receives field-effect transistors Ft\ to F715 having the same cur- 
4-bit serial correction data (such as Bu, B13, B12 and rent capacity and a single p-channei field-effect transis- 
Bn) from the corresponding partial shift register of tor Fast having a current capacity which is one-third of 
correction-data shift register 16. The control and level- the total current capacity of the field-effect transistors 
shifting circuits then deliver 4-bit serial gate control 33 Fn to Fn* Of these, one transistor Freis supplied with 
signals to the corresponding current synthesizing or- the control signal Sn as a gate signal, two transistors 
cuits (described below), respectively, in response to the F 74 and F712 with the control signal S12, four transistors 
enable signal being input to the enable terminals 17a F72, F7& Fnoand Fm with the control signal Sn, and 

Referring to FIG. 3, the control and level-shifting the rernaining eight transistors F71, F73, F73, F77. F79, 
circuit 17-1 of the output-transistor control circuit 17 is 40 Fni. Fm and Fns with the control signal Si* Thus, 

illustrated. The rernaining circuits 17-2 to 17-m are of the transistors are set to be on when the corresponding 

the same circuit structure as the circuit 17-1. Control control signals are set to a low level. Current synthesiz- 
. and level-shifting circuit 17-1 includes. a Jogic control .. . ing circuit 18-1 is formed on a semicond wtor su^rate, 

circuit portion 21-1 and a level shifting circuit 22-1. In the structure of which will be described hereinafter, 
the present embodiment, the data signal D/i from latch 45 The operation of the above mentioned embodiment 

circuit array 15-1 is set to be logically high where print- will now be described with reference to FIG. 5. A 

ing operation is requested, whereas Da is set to be logi- voltage from power supply 2 is applied to the device, 

cally low where printing operation is not requested. In Then, microprocessor 11 delivers the control signal to 

addition, the enable signals applied to terminal 17-a are ROM 12 which, in turn, provides microprocessor 12 
set to be logically high for defining a printing period, 50 with the correction code data signals. Microprocessor 

while they are set to be logically low for defining a 12 delivers the received correction code data signals 

non-printing period. along with the second clock signal to correction-data 

Logic control circuit 21-1 includes a print mode deci- shift register 16. In the present embodiment, a line of 

sj on circuit 21-c which comprises a NAND gate 21-la print comprises m dots, and so the correction-code data 
for receiving the enable signals and the data signals D,i, 55 signal is in the form of to-bit serial digital signal, each 

and an inverter 21-16 serially connected to the NAND 4 bits thereof representing correction data for one dot 

gate in order to set the LED 19-1, corresponding to the Microprocessor 11 generates the correction data signals 

control and levd-shifbng circuit 17-1, to be selectively and the second clock signal only for a predetermined 

on or off. Logic control circuit 21-1 also includes four period of time from the application of the power. The 
NAND gates 2Vld and four inverters 21-1*. Each 60 serial digital signals of 4-bit are inputted into the D 

NAND gate 21-lrf receives one of the 4-bit serial signals flip-flop of the least si g nifi ca nt bit of shift register 16 in 

Bj4, B13, B12 and Bn, respectively, as correction data response to each pulse of the second dock signal. Thus, 

and the print mode signal from print mode decision after 4m pulses of the second clock signal are generated, 

circuit 21-lc, and produces a 4-bit digital signal which is the serial digital signals of 4m bits have been stored in 
supplied through level shifting circuit 22-1 to a digital- 65 shift register 16. Since microprocessor 11 does not 

to-analog converter of the current synthesizing circuit thereafter generate the second clock signal, the serial 

(described below). Inverter 21-le inverts the print mode digital signals or correction data are maintained in shift 

signal, register 16. For example, partial shift register 16-1 of 
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shift register 16 is maintained such that the first bit of Moreover, each dot of one line of printing can be con- 

Bii. the second bit of Bu» the third bit of B13, and the troDed independently, by either modifying the correc- 

^(**^^---4^.»v%^^^\"*ir'^wi:fQnrth^bit of- Biv representing' the 4-bit • signal * (corre- tion'code data foreach dot ' ^restored m-the ROM<)rv^^«^ft:-.,.»^>v^. 

spending to 1-dot correction data), appear on the output directly supplying desired correction code data as re- 
terminals thereof. 5 quired. 

After the correction data signal is stored in shift regis- The effect of the provision of the p-channel field- 
ter 16, the first clock signal is generated and, in response effect transistor for offsetting is as follows. The uneven- 
to that, the data signals are delivered to data shift regis- ness 0 f emission-strength among the LEDs is expected 
ter 14 via niicroprocessor 11. Where one line print data to ^ approximately in the range of 20%. Each of the 
is D/for the i-th line to be printed, the data D/are stored \o i pr* emits in proportion to the current intensity sup- 
in data shift register 14 by the generation of m pulses of plkd u^e,^ Thus, the offset-transistor F„i is provided 
the first dock signal. Microprocessor 11 then generates to ^ ^ cmTGXt ^ ^ LED&| the value of the 
the latch signal L, and delivers it to the array of hitch currcnt ^ ^ minimal value required to supply to 
circuits 15. In response to the latch signal, the latch each of the LEDs for emission, so that only the uneven- 
rfrcujts 15-1 tolS-m receive and retain therein the out- l5 emission, that is, about 20% of emission 
pute (the data of the^rrespondmg D *" intensity, is to be modified by DAC 18-la. According to 
nf £2 :2SSffi ^ DfeaP ^° nthCOmPUtS the^tion, the unevenneVs of the emission intensity 
° f S ^on of the LEDs wiD be among the LEDs can be suppressed in the range of 

explained by taking LED 15-1 as an example. The en- 20 ^"-t, 1 r 1 A-i*>* 

aWe signal iirns^ be logically FIG. 6 flJiistrates an example 

cided asto whether I Fjf 1T1 is driven to emit or not «™« an LED prmt head on a semiconductor chip, 
according to the level of the data signal D n . Tnat is, As shown in the drawing, the integrated circuit chip is 
where the data signal D n is logically high, print mode mainly divided into the following portions: A logic 
decision circuit 21-lc outputs a logically high signal, „ portion 50; data shift register and latch circuit-array 
while where the signal D,i is logically low, circuit 21-lc portion 14, 15 wherein D flip-flops 14-1 to 14-m and 
outputs a logically low signal. Where the output of latch circuits 15-1 to 15-m are arranged in two rows; a 
circuit 21-lc is high, the transmission Tm is energized to correction-data shift register and output-transistor por- 
pass the gate bias voltage Vcg as the signal OSi there- tion 16, 17 wherein partial shift registers 16-1 to 16-m 
through to the p-channel field-effect transistor F^i ^ and control and level-shifting registers 17-1 to 17-m are 
which, in turn, is energized. At the same time, the cor- arranged in two rows; an output-transistor portion 18 
recti on data signals in the form of Bm, B 13, B12 and Bu consisting of current synthesizing circuits 18-1 to 18-m 
are supplied to control and level-shifting circuits 17-1. arranged in a line; and a pad portion 34^ wherein output 
Where the data signal B\a is high and the data signals terminals Oi to O m corresponding to respective current 
B13, B12 and Bn are low, the signal Su is set to be the 35 synthesizing circuits 18-1 to 18-m are disposed, 
gate bias voltage Vcg while the signals S13, S^and Sn Referring now to FIG. 7, the semiconductor struc- 
are set to be the source voltage Vss- In this case, of the ture of current synthesizing circuit 18-1 shown in FIG. 
transistors of DAC 18-la, Fn. F73, F75, Fn» F79, Fm 4 will be described. As can be seen, current synthesizing 
and Fn5 are set to be off. In the present embodiment, circuit 18-1 includes fifteen field-effect transistors Fn to 
the field-effect transistor F OT i has the current capacity of ^ p n3 which are of the same shape and size and are 
i«,, and each transistor of DAC 18-la has that of i> and, formed on a substrate such that they are arranged in a 
therefore, the current value applied from the output row at saxne intervals. More specifically, the transis- 

_ „ _ .tenninal Oi toiED.15-1 becomes (i«+8io) where only tors have strips of polysflicon-gates Gi to Gi 5 arranged ^ — 

the signal Su is set to be the gate bias voltage V^g- m a row at the same intervals. Except for the region 
Depending on the signals S14, S15, S^and Su, the cur- ^ below the gates G\ to Gjs, an active region 30 is ex- 
rent value applied to LED 19-1 varies from io, to tended along the array of the gates Gi to G15. Active 
(i<»+15 i<,): region 30 can be formed by means of self-alignment 

. using the polysilicon gates Gi to G15 as a mask for ion- 

^ l - lfl5+15 10 w injection. The channel length of the transistors is de- 

Accordingly, by preparing the correction code data 50 fined by ^^^L^^^f^J^^ 
which represent fe^rnrt values suppbed to the and its width is defined ^jvidA ^ v ^°° f fl 
LEDs fo?a^ustmg the emission intensity of the LEDs Th« offsettmg p^hannel F^ta a 
to be a desired one, and storing them in the ROM be- polyahcon g*e G„, which isextended in Ae form of a 
forehand, all of the LEDs can be adjusted in their emis- «rtP ^cng the array of transistors F n to F71 1 S- Active 
sion intensity to be a desired one, whereby unevenness 55 region 31 of tms transistor F*, is extended in the direc- 
of printing by the LEDs can be avoided or suppressed. of the array of F n to Fnsand is along me polysdi- 
In addition, since the unevenness of printing can be con gate G«,. A source electrode line 32 applied with 
suppressed by varying the current value supplied to the source bias voltage V„ comprises a common eiec- 
each of the LEDs, one line of printing can be performed trode line 32a and eight source electrodes 32*. Common 
by one latch cycle. This enables the printing speed to be 60 electrode line 32* is electrically connected to the p-type 
fester. In fact, according to the present embodiment, the source region of offsetting active region 31 through a 
printing speed becomes three times as fast as that of the number of contact holes h arranged at the same inter- 
conventional print head. Furthermore, since the data vals. Source electrodes 326 are extended transversely 
signals do not need to be modified but just transferred, from common electrode line 32a at the same intervals 
and the correction data signals are stored in shift regis- 65 and are parallel to each other. likewise, a drain elec- 
ter 16 only one time whereby the current values to be trode line 33 comprises a common electrode line 33a 
supplied to the LEDs are established, the programming and eight drain electrodes 336. Common electrode line 
and control for microprocessor 11 can be simplified. 33a is electrically connected via a number of contact 
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holes b disposed at the same intervals to the p-type 
drain area of offsetting active region 31 which is con- — 

output terminal 0\. Drain electrodes 336 are extended _ 
transversely from common electrode line 33a at the 5 O 
same intervals and are parallel to each other. The 
polysilicon gate Gas) for offsetting has one end which is 
electrically connected to offset gate line 34 supplied 
with the gate signal OSi via a contact hole h. The 
polysilicon gate Gg of the transistors Fjb positioned at 
the middle of the transistor-array is connected to a first 
gate line 35 supplied with the gate signal Sn. the gates 
G4 and G12 to a second gate hne 36 supplied with the 
signal Si2> the gates G2, G<s. Gioand G14 to a third gate 
hne 37 supplied with a signal S13, and the gates Gi, Gj, 
Gs> G7, G9. Gn, G13 and Gis to a fourth gate line 38 
supplied with the signal Su. respectively. 

Referring to FIGS. 80 to 84, the connecting structure 
between the first to the fourth gate lines 35 to 38 and the 20 
transistors wfll be described. As shown in FIG. 8a illus- 
trating the connecting structure between the transistor 
Ftb and first gate line 35, the transistor Fn includes a 
channel region Ch formed between the p-type source 
and drain region formed on the n-type semiconductor 25 
substrate by diffusion, and the polysilicon gate Gs 
formed on gate oxide film 39 deposited on the surface of 
the substrate. On the polysilicon gate Gg, an insulating 
layer 40 is disposed on which a first-layer line gs is 
deposited. The first-layer line gs is electrically con- 30 
nected via a contact hole h to the polysilicon gate Gs 
and is also connected via another contact hole h to first 
gate line 35 which is a second-layer line and is formed 
on an insulating layer 41. The polysilicon gate G7 of 
transistor F77 which is adjacent to the right side of the 
transistor F73 in FIG. 7 is electrically connected via a 
contact hole h to a first-layer line g7 formed on insulat- 
ing layer 40. The first-layer line g? is electrically con- 
nected via a contact hole b to a second-layer line form- ^ 
ing the fourth gate line 38, as shown in FIG. 8A. Like- 
wise, the polysilicon gate Ge of the transistor F7& is 
connected to a second-layer line forming third gate line 

~ "" 37 via a contact hole h;"a 'first-layer lme g6 and the 

contact hole h in this order, as shown in FIG. 8c, while 45 
the polysilicon gate G4 is connected to a second-layer 
line forming second gate line 36 via a contact hole b, a 
first-layer line g4 and the contact hole h in this order, as 
shown in FIG. Bd. Also provided is a protecting layer 
42. 50 

The relationship between gate lines 35 to 38 (signals 
Sn to Su) and the transistors F71 to Fns is shown in 
Table 1 below: 



14 

TABLE 1 -continued 



Tncssivtor 



Sll S|j S» S|4 



"O 



Bil No. 

WW 



35 



TABLE I 
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Transistor 



Sn S|2 S|3 S >4 



Bit No. 



F) 

F 2 

Fj 

F4 

Fs 

F 6 

F7 

F| 

F 9 

F10 

F|! 

F12 

Fu 

F,4 



o 
o 
o 
o 
o 
o 
o 



4 (n) 

3 M) 

4 (n) 

2 (d-2) 
4 (n) 

3 (D-l) 

4 <n) 
1 

4 (n) 

3 (n-1) 

4 (d) 

2 (d-2) 
4 (n) 

3 <n-l) 



60 
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As shown in Table 1, the transistor Ftb is connected 
to first gate line 35 which is supplied with the signal Si 1 
of the first bit of the 4-bit serial signal. This transistor is 
positioned in the center of the transistor-array. The 
transistors F74 and F712 are connected to second gate 
line 36 which is supplied with the signal S^or the sec- 
ond bit of the 4-bit serial signal, these transistors being 
positioned symmetrically with respect to the middle 
transistor Fn in the transistor-array. The transistors 
F72, Ft*. F710 and F714 are connected to third gate 37 
which is supplied with the signal Su or the third bit of 
the 4-bit serial signal. The transistors F75 and Fno are 
also positioned symmetrically with respect to the mid- 
dle transistor Fn in the transistor-array, and the other 
two transistors Fn and F714 are positioned symmetri- 
cally with respect to the middle transistor. The transis- 
tors Fn. Fn, F75. Fn, Fn, Fnn Fn3 and Fns are 
connected to fourth gate line 38 which is supplied with 
the signal S 14 or the fourth bit of the 4-bit serial signal. 
The transistors Fn and Fns, Fn and Fn3> F75 and 
Fnit and Fn and Fn are positioned symmetrically 
with respect to the middle transistor Ftb in the transis- 
tor-array, respectively. The advantage of the symmetri- 
cal arrangement of the transistors with respect to the 
middle transistor Fn is as follows. 

Where the transistors Fn to Fns are formed on a 
semiconductor substrate so that they are of the same 
shape and size and are arranged in a row at the same 
intervals, the transistors are expected to have the same 
current capacity. Unfortunately, it has been experi- 
enced that in the semiconductor manufacturing process 
such as plasma etching for manufacturing polysilicon 
gates Gi to Gis, un evenness in the current capacity of 
the transistors is introduced due to the unevenness in 
the shape of the gates and inaccuracy of mask align- 
ment, among other factors. It also has been observed 

that the unevenness in the current capacity among the 

transistors arranged in a row exhibits monotohic char- 
acteristics in the direction of arrangement thereof and a 
typical monotonia characteristic is linear as shown by 
the solid line in FIG. 9, wherein the current capacity of 
the transistors decreases linearly in the direction from 
the transistor Fn at one end of the transistor-array to 
the transistor Fns at the other end thereof. If the tran- 
sistor Fn is controlled by the signal Su, the transistors 
Fn and Fn by the signal Si 2, the transistors F74, Fn,' 
F 75 and Fnby the signal S)3, and the remaining transis- 
tors Ftb, Fn, Fno, Fm, Fn2, Fn*, Fmand Fns by 
the signal S14, respectively, the change in output cur- 
rent value does not increase monotonically as shown by 
the broken line. More specifically, in this arrangement, 
since the transistors are of p-type, the gate signal repre- 
sents binary T by its logically low level and binary *0* 
by its logically high level. As the 4-bit serial signal 
increases in its value from '0000 r to *01ll\ the output 
current value is monotonically increased as shown by 
the broken line in FIG. 9. However, since the output 
current value is much lower when the signal is '1000* 
than when the signal is *01 1 1\ the monotonic increase in 
the current value is broken at this point. In other words, 
the maximum drop of the output current value occurs 
when the signal increases from *01 1 V to *1000\ In addi- 
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tion, since the gradient of the current capacity line sistors connected to the same gate signal are positioned 
shown in FIG. 9 is rather large, the current values at the symmetrically with respect to the middle transistors 
v.*. ■-•v.>jr ^-J^*-^^:^^ \i010;, 4 are JV , F78 having an average current .capacity of the.transis--^ .*~ni*%-vfwt* 

lower than that where the signal is VUV. tor-array, one of the pair transistors has the current 

As described above, the unevenness in the current 5 capacity exceeding the average capacity by +N«Ai, 
capacity among transistors causes the drop in the output while the other one has the current capacity below the 
current value of the DAC, which deteriorates the average capacity by — N-AL Thus, the total amount of 
monotonic change in the output current value partially. ^ opacity of the pair of the transistors is 2i. Accord- 
Consideration is made as to accepted unevenness in the ^g to the present embodiment, the unevenness in the 
current caparity among the trar^torsin order to avoid 10 current capacity which occurs in the process of manu- 
the level drop of the output current The unevenness of facturing transistors can be avoided or suppressed to the 
^TlSl^f brok " * HG extent that the linearity or monotonity ofchange in the 

9 can be expressed by the following equation: output current with respect to the input signal is main- 

/jV=/ 0 -A/JV (2) ,* tamed * 

iD The above argument is based on the assumption that 

wherein I* is constant, N is the order of the transistor **** unevenness in the current capacity of the transistors 

counted from the left side of the transistor-array, and AI exhibits linear characteristics. Although this, of course, 

is change in current capacity between the adjacent tran- 03,3 be applied to many cases, it must be considered that 

sistors, the unevenness in the current capacity exhibits mono- 

The transistor Fn has the current capacity of 1 1 pro- tonic characteristics represented by curves of second- 

vided by: ary degree. Among such curves, one curve has no turn- 
ing points as shown by the soHd line in FIG. 11. In this 

/i=y 0 -M (3) case, the above arrangement of transistors can also be 

applied to maintain the monotonity of the increase in 
and the transistor F n s has the capacity of lis provided 23 the current output as shown by the broken line, al- 
ky : though the linear characteristics of the current output is 

somewhat deteriorated. 
FIG. 12 illustrates another example of the transistor 

In the DAC controlled by the 4-bit serial signal, the 30 f^gement, whereit, l thirty field-effect transistors Fn 

point where the current level drop is mos& likely to 10 F ™ f orrmng the DAC are of the same shape and 

occur is that of transition from the values *01ir to . and m arranged at the same intervals to form a 

•1000' of the signaL The condition by which the level transistor-array. In this array, each pair of adjacent 

drop can be avoided is defined by transistors are connected at their gates with each other, 

35 that is, (F n , F72), (Fn, F74), (F75, Fra), (Fn, Fjs), 

7 15 ~ (F79, FnoX (Fm, Fn2), (Fn* FmX (Fns, Fne), 

2 (ib - a/. N) < x (ib - a/- a*) (Fn?, Fns), (Fn* F720), (F731, F721), (F723, F724), 

A " 8 (F725, Fn6), (F777, F728) and (F729, F730) are con- 

. . . vr j nected with each other. Each pair of the transistors 

which can be simplified to: ^ functions ^ a ^ switching element. The pair of tran- 

At<i < /64 (6) sistors (Fns» Fn6) is located in the center of the array 

* v ^ and is supplied with the gate signal Si |. With respect to 

Accordingly, the change AI in the current capacity this ^ of transistors which are supplied. with the- - 

between the adjacent transistors must be suppressed to m located symmetrically in the array, 

less than about 1.5% (= 1/64X 100) of the current ca- 45 (Fn3, F m ) and (Fn7, Fns) are connected in the signal 

parity of the adjacent transistor. The more the bit num- S| * tFjih Fn2>, (Fn* Fno) to the signal S13, (F79, 

ber of DAC, the less change AI must be. Unfortunately, F ™) 311(5 <Fni. Fna) to the signal S14, (Fn, Fr») and 

the unevenness of the current capacity of the transistors ^TO* ¥ T2a) to the signal S12, (F75, Frt) and (F775, 

exceeding the above value AI is inevitably induced F ™) to the signal Si 4, (F73, F4) and (F777, Fns) to the 

through the manufacturing process no matter how pre- 50 signal S13, and (F n , F72) and (Fn* F730) to the signal 

cisely the process control is carried out. S14- The DAC in which the unit transistor portion in- 

As mentioned above with reference to FIG. 7, in the eludes two or more transistors positioned adjacent to 

present embodiment, the transistor-array is arranged each other functions substantially the same as that 

such that the transistor Fjs having the gate input of the shown in FIG. 4. One advantage of the arrangement is 

first bit Sn of the serial signal is positioned in the center 55 that a DAC having a larger number of transistors may 

of the array and the transistors having the gate input of be deposited in a limited space such as where the output 

the same bit of the serial signal are positioned symmetri- pad pitch is narrow, without decreasing the width of 

cally with respect to the middle transistor Ft«. In this the channels of the transistors. The DAC provided with 

arrangement of the transistors, the output current value the transistor arrangement shown in HG. 12 shows 

varies along the broken line shown in FIG. 10, wherein 60 linear characteristics of output current as shown by the 

the middle transistor Ftb has the current capacity i and solid line in FIG. 13. 

the output current value increases monotonically in FIG. 14 shows another relationship of connection 

response to the monotonic increase in the value of the between the field-effect transistors and the gate signals, 

gate signal. The transistors F74 and Fm connected to wherein thirty transistors Fn to mo are of the same 

the second gate signal S12 generate the current output 65 shape and size and are arranged in the same direction at 

2i, and the transistors Fn, Fns, F73, Fn3, F75, Fnt, the same intervals to form a transistor-array. As shown 

Fnand F79 connected to the third gatesignal Sugener- in FIG. 14 wherein the bit numbers of the 4-bit serial 

ate the current output 8i. That is, since the pair of tran- digital signal are denoted in the parentheses, the transis- 
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tors F71 to F 730 are connected to the gate signals Su to menu the monotonia characteristics of the output cur- 
Su as follows: rent can be obtained even where the current capacity of 

the transistors varies along a curve having a turning 
^ point In the above^^ 

5 element may include three or more transistors which 
are positioned such that the center of gravity of these 
transistors is situated at the center of the array, by 
which monotonia characteristics of the output current 
can be obtained where the unevenness in the current 
10 capacity of the transistors shows a variety of character- 
istic curves, and so the yields of tins type of integrated 
circuit can be furthermore unproved. 

It wiD thus be seen that the objects set forth above, 
among those made apparent f rom the preceding de- 
ls scription, are efficiently attained and, since certain 
changes may be made in the above article without de- 
parting from the spirit and scope of the invention, it is 
In this transistor-array, each pair of transistors func- intended that all matter contained in the above descrip- 
tions as a unit switching element, such as in the transis- tion and shown in the accom pan ying drawings shall be 
tor-array shown in FIG. 12. However, the two transis- 20 interpreted as illustrative and not in a limiting se n se, 
tors forming each one of the unit switching elements are It is also to be understood that the following claims 
not positioned adjacent to each other except for the are intended to cover all of the generic and specific 
transistors Fns and F716 forming the unit switching features of the invention herein described and all state- 
element located in the center of the array. Each of the ments of the scope of the invention which, as a matter of 
above pairs forms each of the unit switching elements 25 language, might be said to fall therebetween, 
and two transistors of each pair are positioned symmet- What is claimed is: 

ricaDy with respect to the center of gravity of the mid- L A current supplying integrated circuit having mul- 
dle unit switching element including transistors F71S ti-output for controlling current supply from a current 
and Fn6- As to the words "center of gravity**, since the source to a plurality of elements to be driven, compris- 
transistors are of the same shape and size and are ar- 30 ing a plurality of switching means for controllably sup- 
ranged in the same intervals in this embodiment, the plying the current from said source to the correspond- 
center of gravity of the middle transistors corresponds big element to be driven, each of said switching means 
to the center of the transistors or the center of the array. comprising N unit switching elements arranged to be 
With reference to FIG. 15, the positions of the tran- connected in parallel to each other to form a current 
sisters Fn to F 730 are denoted by the bit numbers 1 to 35 synthesizing circuit, each of said unit switch elements 
4 of the gate signal. The transistors F73 and F773 sup- being swit enable from a first condition wherein no cur- 
plied with the first bit of the gate signal or Su are posi- rent flows therethrough to a second condition wherein 
tioned apart from each other by 15 p and have a center a predetermined essentially constant current flows 
of gravity which is located at the center of the array. therethrough, each of said unit switching elements in- 
The transistors which have a center of gravity displaced 40 eluding at least one field effect transistor for providing 
by 1 p in the right direction in FIG. 15 next to the center essentially constant current, said at least one field effect 
of gravity of the transistors Ftb and Fr23 are F79 and transistor operating in the saturation region of the char- 

F72* both of which are supplied with the fourth bit of acteristic curve when in the second condition, said 

the gate signal or Su- Likewise, by picking up a pair of switching means supplying an essentially constant cur- 
transistors one by one in either right or left direction 45 rent to the associated element to be driven equal to at 
next to the transistors Frs and F723, and then writing least the sum of the predetennined essential constant 
down the bit number of the gate signal supplied to the currents flowing through those of the unit switching 
picked pair of transistors, the bit number pattern be- dements thereof in said second condition, 
comes as follows; 2. The current supplying integrated circuit of claim 1, 

1 13 .1 . 1 .1 1 3 .1 .1 t-t .3 .1 »2 .4 r 3 >4 wherein said N unit switching elements are divided into 

n groups so that the number of said unit switching ele- 
This onler is the same as that of the embodiment shown ^belonging to the i-th group is 2'-' wherein n<N, 
in FIG. 4. The arrangement of the present embodiment — i— n, an 
is effective and advantageous to assure the monotonic 55 

characteristic of the output current where the current £ 2*- 1 - 2" - l - JV 

capacity of the transistor-array exhibits unevenness 
along curves of secondary degree having a turning 

point. An example is shown in FIG. 16, wherein the and wherein each group of unit switching elements is 
transistors of the array show unevenness in the current 60 controlled by a corresponding bit of an n-bit digital 
capacity shown by the solid tine having a turning point control signal. 

at the middle of the array. In this case, since the transis- . 3. The current supplying integrated circuit of claim 2, 
tors F75 and F773 are positioned apart from each other wherein each group of unit switching elements includes 
by as far as 15 p, the total current capacity of these at least two unit switching elements spaced along the 
transistors is approximately twice as much as an average 65 length of the parallel connection and having a center of 
current capacity among the thirty transistors Fn to gravity defined by a unit switching element, the centers 
F730- This is also true for each pair of transistors which of gravity of adjacent groups of unit switching elements 
are apart by 15 p. According to the present embodi- having adjacent centers of gravity, two groups of unit 
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switching elements being deemed adjacent when the when n=5, then 

unit switching element on one end of each of the two n— <n - 3>— n— (n - 2)— n— <n - 1 n— 1 -*n-*<n- 
• groups * as -viewed along the length of the parall el con-** c,?>ic-.l) » n ■ (n — 2)— »n~»(n — 3)—»n; ^mW+ *- ^ .t^^^fa^ j 
nection are adjacent when n=6 or greater, then 

4. The current supplying integrated circuit of claim 2, 5 n— <n— 1 ) »n - 2>— n-Kn -)—... n— 2-hi-> . 
wherein each of said unit switching elements comprises . . — »n— Kn— 2)-* n »(n — l)-*n. 

either a single field-effect transistor or a plurality of 12. The current supplying integrated circuit of claim 
field-effect transistors positioned adjacent to each other 11, wherein each of said switching means has at least 
and connected in parallel to each other. one offsetting field-effect transistor connected in paral- 

5. The current supplying integrated circuit of claim 4, 10 lei to said current synthesizing circuit 

wherein said N unit switching elements are of substan- 13. The current supplying integrated circuit of claim 
dally the same shape and size and are a rran ged on a 1, wherein each of said unit switching elements corn- 
semiconductor substrate in one direction at equal inter- prises either a single field-effect transistor or a plurality 
vab to form a switching-element array. of field-effect transistors positioned adjacent to each 

6. The current supplying integrated circuit of claim 2, IS other and connected in parallel to each other, 
wherein the switching elements which belong to each 14. The current supplying integrated circuit of claim 
group are arranged in symmetrical order on each side of 13, wherein said N unit switching elements are of sub- 
a switching element of the first group. stantially the same shape and sire and are arranged on a 

7. The current supplying integrated circuit of claim 2, semiconductor substrate in one direction at equal inter- 
wherein the switching element belonging to the first 20 vals to form a switching-element array. 

group of said n groups is located in the center of the 15. The current supplying integrated circuit of claim 
switching-element array and the switching elements 2, wherein said N unit switching elements are of sub- 
belonging to the other groups are arranged from the stantially the same shape and size and are arranged on a 
switching element of the first group to both ends of the semiconductor substrate in one direction at equal inter- 
switching-element array in the following order symmet- 25 vals to form a switching-element array, 
rical to the switching element of the first group: 16. The current supplying integrated circuit of claim 
when n=2, then n-*l-*n; 1, wherein each of said unit switching dements corn- 
when n=3, then n— <n- 1)— n— 1—o-Kn- l)-+n; prises at least two field-effect transistors connected in 
when n=4, then parallel to each other, and wherein the field-effect tran- 
n-Kn-2)— n-Kn~ n-i-l-^n~Kn- 1)— n—<n- 30 sistors belonging to the different groups are arranged 
- 2)-*n; adjacent to each other, 
when n=5, then 17. The current supplying integrated circuit of claim 
n_»(n-3)— n-Kn— 2 ) > n »(n- 1)— n— l-*n-*(n- 16, wherein said N unit switching elements are of sub- 
_ i)_n_-^n-2)->>n-*{n— 3)-* n; and stantially the same shape and size and are arranged on a 
when n=6 or greater, then 35 semiconductor substrate in one direction at equal inter- 
n—^n — 1 )— n— <n — 2 ) >n »( n -)-*... n— »2 >n » . vals to form a switching-element array. 
. . -►n—Kn - 2}-*n-Ati - !>->n. 18. The current supplying integrated circuit of claim 

8. The current supplying integrated circuit of claim 7, 17, wherein each of said switching means has at least 
wherein each of said switching means has at least one one offsetting field-effect transistor connected in paral- 
offsetting field-effect transistor connected in parallel to 40 lei to said current synthesizing circuit. 

said current synthesizing circuit. 19. The current supplying integrated circuit of claim 

9. The current supplying integrated circuit of claim 2, 1, wherein each of said switching means has at least one 
wherein each of said unit switching elements comprises offsetting field-effect transistor connected in parallel to 
at least two field-effect transistors connected in parallel said current synthesizing circuit, said at least one offset- 
to each other and wherein the field-effect transistors 45 ting field effect transistor selectively permitting a prede- 
belonging to the different groups are arranged adjacent term in ed essentially constant current to flow there- 
to each other. - through for addition to the current flowing through 

10. The current supplying integrated circuit of claim said unit switching elements. 

9, wherein said N unit switching elements are of sub- 20. An electronic device for controlling a plurality of 

stantially the same shape and size and are arranged on a 50 elements which are controlled in their driving state by 

semiconductor substrate in one direction at equal inter- the level of electric current from a current source ap- 

vals to form a switching-element array. plied thereto, comprising a current supplying means 

11. The current supplying integrated circuit of claim controlled by an output data and a corrected data, said 
2, wherein at least two field-effect transistors belonging output data being relative to whether said correspond- 
to the first group have their center of gravity positioned 55 ing element is driven, said corrected data being relative 
in the center of the switching-element array, and to said level of electric current applied, said current 
wherein the respective groups have at least two transis- supplying means producing said current in response to 
tors, the centers of gravity of which appear in the direc- said corrected data, said current supplying means com- 
tkm from said center of gravity of the first group to prising a plurality of switching means for respectively 
both ends of the switching-element array in the follow- 60 controlling the supply of said current to a correspond- 
ing order wherein said centers of gravity of the transis- ing element to be driven in response to said corrected 
tors are expressed by the groups number 1 ton to which data, each of said switching means comprising N unit 
the transistors belong: switching elements arranged to be connected in parallel 

when n=2, then n->l-*i; to each other to form a current synthesizing circuit, 

when n=3, then n->(n-l)-ni— > 1-hh(d-1Hi; 65 each of said switching elements being switchable from a 
when n=4, then first condition wherein no current flows therethrough 

n_^( n _ 2>— n-*(n - l}-+n— 1— n— (n - 1>— n— >(n- to a second condition wherein a predetermined essen- 
— 2>—n; dally constant current flows therethrough, each of said 
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unit switching elements including at least one field ef- addition to the current flowing through said unit 

feet transistor for providing essentially constant cur- switching elements. 

^^26, The ejectronic devi^.of^laim,21,.wherein^each c 
the saturation region of the characteristic curve when in of said unit switching d ement s comprises at least two 
the second condition, said switching means supplying 5 fold-effect transistors located symmetrically and con- 
an essentially constant current to the associ at pri element nected in parallel to each other and wherein the field- 
to be driven equal to at least the sum of the predeter- transistors belonging to the different groups are 
mined essentially constant currents flowing through arranged adjacent to each other, said fidd-effect transis- 
those of the unit switching elements thereof tn said tors ^ substantially the same shape and size and 
secondcondition. 10 arran ^ on a semiconductor substrate in one 
21. The electronic device of cW 20, wherein said N ^ ^ mt mterva]s to form a switching-de- 



that the number of said unit swrtchmg elements belong. ^electronic device of claim 26, wherein at least 

riiSrf^ group ts set to be 2'-' wherem n<N, ^ ^ w<mgmg * the fust group have their 

center of gravity positioned in the center of the switch- 
ing-element array and the respective groups have at 

2 2*-' - 2* - l ~ least two transistors, the centers of gravity of which 

appear in the direction from said center of gravity of the 

unA „ . ^^pH Ha t» ci™ic k a „ nAit rfioitM 20 first ff°°P to both ends of the switchmg^dement array 

and each of said corrected data signals b an n-brt digital fa ^ foi]owing order wherein said centers of gravity of 

signal and each group of umt^tchmg elements is ^ ^^ors „ ^ by ^ numbe rs 1 to 

allied by a correspondmg brt of said n-brt digital n to ^ Wot ^ : ** 

22. The electronic device of claim 21, wherem each „ w ? en ^ ^j - *], , , 1N 
group of unit switching elements indudes at least two 25 W J M n==3 ' ^ Mn-lhiwM-(n- 1)-*; 

unit switching elements spaced along the length of the ^ t ^ , ,/\ , 1X ~j 

parallel connection and having a center of gravity de- n-Kn-2) »n » (n - l)-*n— >l-*n-Hn - lJ-m-Hn- 

fined by a unit switching dement, the centers of gravity ~~ 2)— 

of adjacent groups of unit switching dements having yy when n=5, then 

adjacent centers of gravity, two groups of unit switch- n-+(n - 3}-*i— (n - 2)— n— <n - 1 )-*n— 1 -*n— <n- 

ing elements being deemed adjacent when the unit -1) *n >(n-2)-m-Kn-3)-»n; and 

switching dement on one end of each of the two groups when n=6 or greater, then 

as viewed along the length of the parallel connection n-*{n— 1) > n » (n — 2)— »n— »(n — ► - . - n— ►2— *n-* . 

are adjacent 35 • . — >n-+(n — 2) > n »(n — 1 )— *n. 

23. The dectronic device of claim 21, wherem each " 28. The electronic device of claim 22, wherem each 
of said unit switching dements comprises a single field- of said switching means has at least one offsetting fidd- 
effect transistor or a plurality of field -effect transistors effect transistor connected in parallel to said current 
positioned adjacent to each other and connected in synthesizing circuit, said at least one offsetting field 
parallel to each other, said field -effect transistors being 40 effect transistor sdectively permitting a predetermined 
of substantially the same shape and size and bdng ar- essentially constant current to flow therethrough for 
ranged on a semiconductor substrate in one direction at addition to the current flowing through said unit 
the same intervals to form a switching-dement array. switching dements. 

24rThe dectronic device of claim 23,rwherdn said 29. An dectronic device for confroUing a plurality of 

field-effect transistors bdonging to the first group of 45 elements which m essentially aligned m a first direc- 

said n group are located in the center of the switching- tion ^ m controlled in their driving state by the level 

dement array and the field-effect transistors bdonging of electronic current applied thereto, comprising a cur- 

to the other groups are arranged in the direction from ^ ^ means controlled by an output data and 

the field-effect transistors of the first group to both ends a ^ ^ ^ut data being relative to 

of the array in the following order synimetrical to the 50 whether said corresponding dement is driven, said cor- 

tra T t0re =r t !h T UP: recting data bdng relative to said levd of dectric cur- 

ZhZ l=t the^ n^n^i^l^n-l)-^ »* a W lic * ^\™^?™% 

when n= l 4 ^ ' said current m response to said corrected data, said 

Mn-2Hi-(n- D^l^(n- l)^n^<n- 55 CU 7 C ?! SUpplyin r g mcans fWring a plurality of 

2\ >n . switching means for respectivdy supplying said current 

whcn * n==5 ^gjj to a corresponding dement to be driven, each of said 

. . n^ n -3)-^n-2)-Hi-^n-l)-H^l-.n-Kn- switching mcans comprising N unit switching elements 

1) >n »(n 2) > n > (n--3)-*n; and arranged to be connected in paralld to each other to 

when n=6 or grea ter , then 60 foTm a currcnt synthesizing circuit, said switching de- 

n— {n- 1 }-hi— {n - 2>-n-*(n - )— . . . n— 2— n~> . ««>ts being essentially aligned in a second direction, 

» n > (n 2) *n *( n 1) >n. said second direction being substantially orthogonal to 

25. The electronic device of claim 20, wherem each said first direction, 

of said switching means has at least one offsetting fidd- 30. The dectronic device of claim 29, wherrin said N 

effect transistor connected in parallel to said current 63 unit switching dements are divided into n groups so 

synthesizing circuit, said at least one offsetting field that the number of said unit switching dements belong- 

efTect transistor sdectivdy permitting a predetermined mg to the i-th group is set to be 2 1 "' wherein n<N, 

essentially constant current to flow therethrough for l^i^n, and 
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center of gravity positioned in the center of the switch- 
V „ big-element array and the respective groups have at 

appear in the direction from said center of gravity of the 
and each of said corrected data signals is an n-bit digital 5 first group to both ends of the switching-element array 
signal and each group of unit switching elements is in the following order wherein said centers of gravity of 
controlled by a corresponding bit of said n-bit digital the transistors are expressed by the group numbers 1 to 
signal. n to which the transistors belong: 

31. The electronic device of claim 30, wherein each when n=2, then n— ►n; 

group of unit switching elements includes at least two 10 when n=3, then n—Kn— 1)-»p— »1 > n > (n— l)-*n; 
unit switching elements spaced along the length of the when n=4, then 

parallel co n ne ct i on and having a center of gravity de- n— <n— 2) >n »(n— 1) >n >l-»n— »{n— 1 ) »n » (n- 
fmed by a unit switching dement, the centers of gravity _ 2)-+n; 

of adjacent groups of unit switching elements having when n=5, then 

adjacent centers of gravity, two groups of unit switch- 15 n_^ n _ 3) >n ,( n _ 2)-HH(n - l-D—(n- 
ing elements being deemed adjacent when the unit _ 1) >n r(n 2) *n '( n ~ and 

swhehing element on one end of each of the two groups when n=6 or greater, then 
as viewed along the length of the parallel connection n-<n- l)-^n-2)->n-^<n->^ . . /n-*2-*n-+ . 

are adjacent . . .^>-^n-2)->n-Kn-l>-*iL 

32. The electronic device of claim 30, wherem each 38. The electronic device of claim 31, wherein each 

^Kl 51 ?! 1 ^' of said switching means has at least one offsetting field- 
effect transistor or a plurality of field-effect transistors _ ^e,*,^^^ :„ tn co1/ a * „.^ t 
positioned adjacent to each other and connected in ^ffectttansistor connected in parallel to said current 

parallel to each other, said field-effect transistors being *£ tbe *? B ? * least one ( f*f mg 

of substantially the same shape and size and being ar- 25 transistor selectively permitting a preo^ermmed 

ranged on a semiconductor substrate in one direction at essentially constant current to flow therethrough for 
the same intervals to form a switching-dement array. addition to the current flowing through said unit 

33. The electronic device of claim 32, wherein said swkching dements. 

field-effect transistors belonging to the first group of 39 The dectronic device of claim 37, wherein said 

said n group are located in the center of the switching- 30 dements to be driven are LEDS. 

dement array and the field-effect transistors belonging 40. The dectronic device of claim 29, and including 

to the other groups are arranged in the direction from means for storing said correction data signals associated 

the fidd-effect transistors of the first group to both ends with each of said elements. 

of the array in the following order symmetrical to the 41. The dectronic device of claim 40, wherein said 

transistors of the first group: 35 correction data storing means includes a plurality of 

when n=2, then n-*l— m; flip-flops. 

when n=3. then n— Kn— l)-^n-*l-*n-Kn-l)-Hi; 42. The dectronic device of claim 40, wherein said 

when n=4, then means for receiving said data signals and said correction 

n— «<n — 2)— n— *(n— 1)— m— »-l— ^n— <n— 1) > n >( n- data includes an output transistor control circuit associ- 

— 2)-*n; 40 atcd with each of said dements, said control circuit 

when n=5, then including a print mode decision circuit for receiving 

„ ^ n -. 3 >-*^n-?>r«^ n - 1 )^^ 1 r^-*( n :. said datasignals to determine if the associated dement is . 

- 1 )-n>— <n - 2>-ki— (n - 3)— n; and to be driven, and level shifting circuit means for setting 

when n=6 or greater. then the level of electrk current m response to said stored 

n-Kn - 1 )-*n— <n - 2) >n »(n -)-►... n— 2— n— . 45 correction data. 

. . — Kn — 2)— *n— *(n — 1)— ►n. 43. The dectronic device of claim 42, wherein said 

34 The electronic device of claim 29, wherein each M ^ circujt taeaas mcans for selecting 

of said switching means has at least one offsetting field n ^ current ^ meam for tdectiag from a phlral . 

effect transstor connected in parallel to sari current of ^^ental currents for addition to said offset 

synthesmng circuit, said at least one offstttmg field 50 fa ^ correction data to produce 

effect ™tor selectively permrttog a predetermined J multi-levels of current to drive the 



essentially constant current to flow therethrough for 



dements. 



addition to the current flowing through said unit t . , . 4 . . . . , 

switching dements 44. The current supplymg mtegrated circuit of claim 

35. The electronic device of claim 32, wherein said 55 whex * n elements to be driven are 
elements to be driven are LEDs. essentially aligned m a first direction and said N unit 

36. The dectronic device of claim 30, wherein each switching elements are essentially aKgned. in a second 
of said unit switching dements comprises at least two direction, said first direction being substantially orthog- 
fidd-effect transistors located symmetrically and con- onal to sa ^ second directum. 

nected in paralld to each other and wherein the field- 60 45. The current supplying mtegrated circuit of claim 
effect transistors bdonging to the different groups are wherein each of said N unit switching dements in a 
arranged adjacent to each other, said fidd-effect transis- switching means are adapted to permit essentially the 
tors being of substantially the same shape and size and same essentially constant current to flow therethrough 
being arranged on a semiconductor substrate in one when in said second condition, 
direction at the same intervals to form a switching-ele- 65 46. The dectronic device of claim 20, wherein said 
ment array. plurality of dements to be driven are essentially aligned 

37. The electronic device of claim 36, wherein at least in a first direction and said N unit switching dements 
two transistors belonging to the first group have their are essentially aligned in a second direction, said first 
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direction being substantially orthogonal to said second 
direction. 

, r 47., The electronic device : of. claim. 20, wherein each vr . . 
of said N unit switching elements in a'switching means " 
are adapted to permit essentially the same essentially 5 
constant current to flow therethrough when in said 
second condition. 

48. The electronic device of daim 29, wherein each o 
f said N unit switching dements in a switching means 
are adapted to permit essentially the same essentially 10 
constant current to flow therethrough when in said 
second condition. 

49. The dectronic device of daim 29, wherein a mi- 
croprocessor unit controls and outputs the output data 
and corrected data. 13 

50. An LED printer having an LED printer head for 
printing by using a plurality of LEDs, comprising: 

storage means for storing digital data representative 
of LED intensity correction; 

driving means for driving said LEDs; 20 

processor means for receiving said stored data and 
outputting said data to said driving means arid 

said driving means including digital to analog conver- 
sion means for converting said digital data into 
analog information for driving said LEDs, said 25 
digital to analog conversion means being adapted 
to synthesize a constant current flow into each of 
said LEDs, said constant current flow to each 
LED to be corrected being the sum of a plurality of 
selected constant currents, the selection of said 30 
constant currents for summing being detennined 
by said digital data. 

51. An LED printer having an LED printer head for 
printing by using a plurality of LEDs, comprising: 

storage means for storing digital data representative 35 
of LED intensity correction; 

driving means for driving said LEDs; 

processor means for receiving said stored data and 
outputting said data to said driving means; and 

said driving means including digital to analog conver- 40 
sion means for converting said digital data into 
analog information for driving said LEDs, said 
digital to analog conversion means being adapted 
to synthesize a constant current flow into each of 
said LEDs; 45 

said digital to analog conversion means including a 
plurality of switching means for controUably sup- 
plying the current from a current source to the 
corresponding LED to be driven, each of the 
switching means comprising N unit switching ele- 50 
ments arranged to be connected in parallel to each 
other to form a current synthesizing circuit each of 
the unit switching dements being switchable from 
a first condition wherein no current flows there- 
through to a second condition wherein a predeter- 55 
mined essentially constant current flows there- 
through, the switching means supplying an essen- 
tially constant current to the associated element to 
be driven equal to at least the sum of the predeter- 
mined essentially constant currents flowing 60 
through those of the unit switching dements 
thereof in the second condition. 

52. The LED printer of claim 51, wherein each of the 
unit switching elements includes at least one Add effect 
transistor for providing essentially constant current, the 65 
at least one field effect transistor operating in the satura- 
tion region of the characteristic curve when in the sec- 
ond condition. 



53. The LED printer of claim 51, wherein said N unit 
switching dements are divided into n groups so that the 
number of said unit switching dements belonging to the.^ 
i^th group is wherein ri<N, 1 =i=n, and 



N 



and wherein each group of unit switching elements is 
controlled by a corresponding bit of an n-bit digital 
control signal, 

54. The LED printer of claim 53, wherein each group 
of unit switching dements includes at least two unit 
switching dements spaced along the length of the paral- 
lel connection and having a center of gravity defined by 
a unit switching dement, the centers of gravity of adja- 
cent groups of unit switching elements having adjacent 
centers of gravity, two groups of unit switching de- 
ments being deemed adjacent when the unit switching 
dement on one end of each of the two groups as viewed 
along the length of the parallel connection are adjacent 

55. The LED printer of claim 53, wherein each of 
said unit switching elements comprises either a single 
field-effect transistor or a plurality of fidd-effect tran- 
sistors positioned adjacent to each other and connected 
in parallel to each other. 

56. The LED printer of claim 55, wherein said N unit 
switching elements are of substantially the same shape 
and size and are arranged on a semiconductor substrate 
in one direction at equal intervals to form a switching- 
dement array. 

57. The LED printer of claim 53, wherein the switch- 
ing elements which belong to each group are arranged 
in symmetrical order on each side of a switching de- 
ment of the first group. 

58. The LED printer of claim 53, wherein the switch- 
ing element belonging to the first group of said n groups 
is located in the center of the switching-element array 
and the switching dements bdonging to the other 
groups are arranged from the switching dement of the 
first group to both ends of the switching-dement array 
in the following order symmetrical to the switching 
dement of the first group: * ~ * 

when n==2, then n— ►l~*n; 

when n=3, then n— *{n — 1 1 — ►n— ^n — 1 )-*n; 
when n=4, then 

n— (n — 2)-»>n— <n — l>-*n— ► 1-m— <n- l)-*n-><n- 

-2>-n; 

when n=5, then 

n— Kn - 3)-»n-Kn - 2 ) >n > (n — 1)— hi— »>1— ►n-+(n- 

— 1) » n > (n— 2)-Hi-»<n— 3)-hi; and 
when n=6 or greater, then 

n—*(n— i)_m_*(n— 2)— ►n-^n— )— ► . . . n— *2-*n— ► . 

. . — *n— *(n — 2)-+n— *{n — I)— hi. 

59. The LED printer of claim 58, wherein each of 
said switching means has at least one offsetting field- 
effect transistor connected in parallel to said plurality of 
switching means. 

60. The LED printer of claim 53, wherein each of 
said unit switching dements comprises at least two 
field-effect transistors connected in parallel to each 
other and wherein the field-effect transistors bdonging 
to the different groups are arranged adjacent to each 
other. 

6L The LED printer of claim 60, wherein said N unit 
switching elements are of substantially the same shape 
and size and are arranged on a semiconductor substrate 
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in one direction at equal intervals to form a switching- sistors positioned adjacent to each other and connected 

element array. in parallel to each other. 
.62. The LED printer of claim 53, wherein at least two _ , s , *?• The LED printer of claim 64, . wherein said.N, unit 

' field-effect transistors belonging to the first'group have ' switching elements are of substantially the same shape 

their center of gravity positioned in the center of the 5 and size and are arranged on a semiconductor substrate 

switching-element array, and wherein the respective ™ one direction * ^ ^tervals to form a switching, 

groups have at least two transistors, the centers of grav- ^^T^K „ f « wK ™ n „: H ki nn u 
^ ^"ST m ^StfT SiS? ° f swtfch^ge^ 

paviry of the first group to both ends of the switching- , 0 ^ Ld are arranged on a semiconductor sute 

element array m the following order wherein said cen- m direction at equal intervals to form a switching- 

ters of gravity of the transistors are expressed by the element array. 

groups number 1 to n to which the transistors belong: 67. The LED printer of claim 51, wherein each of 

when n=2, then n— >1— m; said unit switching elements comprises at least two 

when n=3, then n— <n— l)-*n— *-l-*n-Kn-l>-^n; 15 field-effect transistors connected in parallel to each 

when n=4, then other, and wherein the field-effect transistors belonging 

n— Kn— 2>-»n-»(n— 1 ) » n »1 > n i ( n— 1) » n >(n- to the different groups are arranged adjacent to each 

-2y+n; other, 

when n = 5, then 68. The LED printer of claim 67, wherein said N unit 

n^n-3)-H*-^n-2)-Hi^n-l)-*^ 20 switching elements are of substantially the same shape 

— 1) ip » (n 2) > n >(n — 3) m; and aD ^ s * ze 211(1 m arranged on a semiconductor substrate 

when n=6 or greater, then m one direction al ^ intervals to form a switching- 

n-^n- l>-*n-Kn-2>-n-Kn->- . . . n— 2—n— . dement array. 

J >v _ / .v\ ' 69. The LED printer of claim 68, wherein each of 

" -TV^" z V Mn f ,r^ , _ _ 25 said switching means has at least one offsetting field- 

63. The LED printer of claim 62, wherein each of M tnmsistor ^ md t0 ^ plurality of 

said switching means has at least one offsetting field- switching means 

effect transistor connected in parallel to said plurality of 70 . The LED printer of claim 51, wherein each of 

switching means. said switching means has at least one offsetting field- 

64. The LED printer of claim 51, wherein each of 30 efTect transistor connected in parallel to said plurality of 
said unit switching elements comprises either a single switching means. 

field-effect transistor or a plurality of field-effect tran- • * • • • 
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